animals.
A cell system with a broad sensitivity to plaque formation by Chlamydia has heretofore not been reported. Isolated instances of plaque formation by certain strains have, however, been reported. Higashi (3) described a plaque assay for the meningopneumonitis agent in L cells. Piraino and Abel (10) described a plaque assay for 6BC in chick embryo fibroblast cells and later observed plaque formation in the same cell system for three other strains, Borg, Cal 10, and a pigeon isolate 593 (Piraino, unpublished data) . Plaques formed by the Borg strain on McCoy cells were reported by Kozikowski (4) . Banks (Abstr. In-vitro 2, 1966) described plaque production by turkey isolates in L929 mouse fibroblast cells.
It would obviously be desirable to have a single cell system with a wide range of susceptibility to plaque formation by Chlamydia for studies on genetic analyses as well as characterization of these agents. Previous studies in our laboratory suggested that chick cells might well serve this role. Fifteen strains of Chlamydia from various animal sources were therefore tested for plaque formation in chick cells. It was found that 12 of the 15 strains induced degenerative cellular changes. The size of the plaques, as well as the time of their appearance, was associated with specific isolates. It is suggested that plaque size might prove to be a useful tool for further characterization of these agents and appears to be related to the virulence of these isolates for laboratory animals. The results of these experiments are presented in this report.
MATERIALS AND METHODS Chlamydial isolates tested. All isolates were received from L. A. Page of the National Animal Disease Laboratory, Ames, Iowa (Table 1) .
Chicken embryo source. All tests were performed on chick embryo fibroblast cells derived from eggs of Shaver Starcross chickens. The flock is located in Hales Corners, Wis. (Conrad Hatchery) and is pullorum-free. Drug medication is not used in the feed.
Tests for plaque formation. The methods used to detect plaque formation were the same as those previously reported for the assay of 6BC (10) . Assay plates were inoculated with 2 X 106 cells, incubated in liquid nutrient medium overnight, and used for titrations on the following day. Only streptomycin was incorporated into the medium. Cell monolayers were inoculated with 10-fold dilutions of either egg yolk or mouse tissue extracts prepared in medium 199 (Microbiological Associates, Inc., Bethesda, Md.). Adsorption was allowed to proceed for 4 hr at 37 C.
The plates were then washed three to five times with tris(hydroxymethyl)aminomethane (Tris)-saline, pH (7.4), before being overlaid with the nutrient agar medium. By using this procedure, the cells could be maintained without signs of toxicity for periods up to 10 days. All incubation was done at 37 C in a carbon dioxide-rich (2 to 3%) humidified chamber.
Measurements (Fig. 1) .
In the second trial (experiment 2), 15 isolates of Chlamydia were tested including CS1 which was not tested in the first trial. All plates were observed daily for 9 days. Particular attention was directed toward reproducibility of plaquing activ- The plaque titers at 7 days varied from 108 plaque-forming units per ml for strain NJ1 to 9.5 X 101 plaque-forming units per ml for CS1 (Table 3) .
Variation of plaque size of chlamydial isolates. An analysis of the results obtained from the second trial (Table 2 ) on plaque size revealed distinct differences among the 12 strains studied. The per cent distributions of plaque sizes for each isolate are illustrated in Fig. 2 and 3 . Table 4 shows the mean and the standard deviation of these distributions. (Fig. 3 ).
An examination of the mean plaque diameters of the 12 plaque-formers ( statistical tests but appear to be natural groups, suggested by the data. DISCUSSION Chick cell cultures maintained under an agar nutrient medium are sensitive to plaque formation by many chlamydial agents isolated from either avian or mammalian hosts. During the last 5 years, we tested 24 isolates (unpublished data), including the group of 15 reported here. A summary of these results is given in Table 5 . As indicated, the two C. trachomatis agents did not form plaques. Of 10 mammalian isolates, 5 formed plaques and 5 did not. No particular significance is given to these results at this time, except to indicate (i) the general susceptibility of chick cells to plaque formation by Chiamydia regardless of the original host of isolation, and (ii) that failure to form plaques on chick cells may be due to either low levels of infective particles in the inoculum or cellular resistance to particular strains of Chiamydia.
Plaques induced by Chiamydia may be as large as those formed by Newcastle disease virus (>0.90 mm; reference 11) or they may be as small as, or smaller than, 0.10 mm. Plaques of the latter size are frequently observed with many of the Chlamydia characterized as small-plaque formers and are occasionally seen with intermediate and even large-plaque types. For this reason it is necessary to count plaques at a magnification of 25 x, even though most plaques are large enough to be seen with the naked eye. can be observed with the aid of a microscope as opposed to "macroplaques," readily visible to the naked eye. L. A. Page of the National Animal Disease Laboratory at Ames, Iowa, has studied the virulence of Chlamydia for animals (personal communication; 6). He has inoculated these agents by several routes of infection into a variety of animal species, including laboratory mice, guinea pigs, and pigeons. The agents were graded by (i) the minimum number of organisms required to kill in less than 10 days, (ii) toxigenicity for mice after intravenous injections, and (iii) the spectrum of host susceptibility. The results of his studies indicate that a culture with high virulence requires small numbers of organisms to kill, is highly toxigenic for mice, and has a wide spectrum of host susceptibility. A culture with low virulence is greatly diminished in these characters. The levels of virulence defined by Page The association of high virulence with strain M56 suggests that factors other than plaque size may also be important in chlamydial virulence, for example, toxin production and growth rate.
High virulence cultures were predominantly associated with both intermediate-and largeplaque formers. This seems to emphasize again that the virulence grades of Page are not unequivocal and have not been rigidly defined, but they are the best estimates established thus far.
The association of plaque size and virulence was observed previously by Schloer and Hanson (11) in Newcastle disease virus. They found that heterogeneity in plaque size was most pronounced in the highly virulent strains, whereas only small plaques were found in strains with intermediate virulence. Plaques were rarely found in lowvirulence strains.
